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SIMULATION OF COMBINED LANDFILLING OF WASTE ROCK
AND IRON ORE ENRICHMENT WASTE

Abstract: According to the results of the simulation of the process of compatible dump formation in
Plaxis 3D, models of dump behavior were obtained for 2 options for placing beneficiation waste on them,
which allows predicting the stability of artificially created embankments throughout their entire existence.

The possible storage volumes of enrichment waste have been determined. It was noted that when using
a bulldozer dump, it is possible to increase the capacity of the dump by 8,7% without changing its geometric
parameters, and when placing waste in trenches, its content in a compatible dump can reach up to 21,9% by
volume.

For the considered variants of dump formation, the numerical values of the reserve coefficients of the
dump's stability after its construction have been established.

Keywords: enrichment waste; career; heap; overburden rocks; landfill formation; maximum
deformations; stability margin factor.

Introduction. As a result of beneficiation of iron ores in factories, iron ore concentrate and waste (So-
called "tails™) are obtained. These beneficiation wastes are sent to a tailings facility for further storage. In
recent years, the problem of storing enrichment "tails" has become more and more urgent, since additional
areas of land are needed for tailings storage. Therefore, researchers face the issue of developing new and/or
improving existing methods of placing and storing enrichment waste in order to maximize the capacity of
existing and newly designed sites for the storage of enrichment waste [1-3].

One of the ways to minimize the area for storage of beneficiation waste is to locate it on waste rock
dumps. This can be implemented using two options:

— by mixing waste with overburden, using bulldozer dump formation;

— by separately backfilling enrichment "tails™ in the trench formed on the overburden dump.

Domestic and international experience shows that the combined location of beneficiation production
waste and waste rock in landfills is most effective only in a dry state.

In this regard, the optimization of the parameters of the combined dumping of overburden and
beneficiation "tails" in the specific conditions of the mining enterprise is important.

Purpose and tasks. Taking into account the relevance of the issue of placement of beneficiation waste,
the purpose of this article is to establish the possibility of joint waste rock formation and iron ore "tails" by
modeling this process.

The task of the research should be to determine the numerical values of the coefficient of stability of the
combined dump after its formation.

Material and research results. To solve the problem of storage of beneficiation waste at the Poltava
mining and beneficiation plant, it is recommended to store waste in a dry state with a relative humidity of the
storage material of 10-15% [4,5]. Despite some disadvantages of dry storage of enrichment “tails", this method
is the easiest to implement and to some extent solves the problem of the lack of tailings storage facilities.

Modeling of the behavior of a combined dump during its formation, when waste from beneficiation
factories is placed in it, was performed in the Plaxis 3D software complex [6]. The task of the modeling was
to determine the coefficient of the reserve stability of the dump and establish the permissible deformations
that occur during its construction. Based on the Coulomb-Mohr strength theory, the deformations of the
artificial rock embankment, namely, the dump, and the degree of its stability were established using the finite
element method.

The initial data for modeling are the basic physical and mechanical properties of the waste rock and
enrichment "tails" and the design parameters of the waste (Table 1).



Table 1 — Design parameters of the dump

Ne Basic parameters Dimensionality Indexes

1 | The existing number of dump tiers units 3

2 | Markings of the horizons of the tiers m +70,0; +88,0; +108,0
3 | The number of dump tiers according to the project unit 11

4 | The final mark of the design dump m +268,0

5 | The average height of the project tiers m 20,0

6 | The angle of non-working dump slope degrees 30-35

7 | The width of the inter-storey terraces on the dump m 50,0-80,0

Based on the results of simulation of the proposed options for dumping overburden and beneficiation
production waste, models of joint dump formation after the construction of the dump were obtained [7]. Fig.
1 presents a geomechanical model after the formation of a dump when the mining mass is dumped by a
bulldozer down the slope, and Fig. 2 shows a geomechanical model after the placement of beneficiation waste
in a trench.

The modeling of the dump formation process was carried out in stages, starting with the construction of
the 4th tier, because the 3 lower tiers already exist.

Fig.3 shows the development of deformation processes that occur during joint dump formation as tiers
are formed, for 2 variants of joint dump formation [8, 9].

Conclusions. Based on the results of the simulation of the process of compatible waste disposal in Plaxis
3D, models were obtained for 2 options for the placement of beneficiation waste on the quarry dump. These
models make it possible to predict the behavior of the dump throughout its lifetime.

The estimated volumes of enrichment waste storage are established and it is indicated that when using
a bulldozer dump, the capacity of the dump can be increased by 8,7% without changing its geometric
dimensions. When waste is placed in trenches, its content in the total volume of a compatible dump can reach
up to 21,9%.
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Fig. 1. Geomechanical model of a combined dump during bulldozer dumping
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Fig. 2. A model of a combined dump during dumping of beneficiation waste in a trench
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Fig. 3. An increase in the maximum deformations of the dump as the tiers increase: 1 — during bulldozer
dumping; 2 —when placing enrichment "tails" in the trench

In addition, for the considered options of dump formation, the numerical values of the reserve coefficient
of dump stability after its formation were determined. It was established that their calculated values exceed
the minimum permissible n=3 according to the current norms. Thus, the value of the coefficient of stability of
a compatible dump during bulldozer dump formation is 1.325, and when dumping enrichment waste in a
trench is 1.329.

Therefore, the formation of a combined dump from overburden rocks and waste from the production of
the beneficiation factory according to the indicated options for tailings is possible and expedient. The choice
of the most effective option of waste disposal should be justified by economic calculation.
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MOJEJIOBAHHA KOMBIHOBAHOI'O 3AXOBAHHSI ITY CTHX ITIOPLJ
TA BIAXOAIB 3BAI'AYEHHA 3AJII3HOI PY/IN

AHoOTANIA: 3a pesyrbmamamu MOOen08anHs npoyecy cymicHoz2o eiosanoymeopenns 6 Plaxis 3D
OMPUMAHO MOOeli NoBediHKU 8i08ani6 Ol 2-X 8apIiAHmMi8 PO3MIWEHH HA HUX 8i0X00i6 30acauenHs, o
003807151€ CNPO2HO3Y8AMU CIMIUKICIb WMYYHO CIMEOPEHUX HACUNIE BNPOOO0BIHC YCbO20 MEPMIHY iX ICHYBAHHSL.

Busnaueno moorcnusi obcsieu cknadysants 6i0xodie sbazauents. Biomiueno, wo npu 8uKopucmaHHti
0Y1b003epHO2O BI0BAIOYMBOPEHHS MOJICIUBE NIOBUWEeHH MicmKkocmi giogany Ha 8,7% 6e3 3MiHu 1020
2e0MeMPUYHUX Napamempis, a npu po3miweHHi 8i0Xo0ie y mpanuiesx, ix emicm y CyMiCHOMY 8i08aili Modice
odocsieamu 00 21,9% 3a 06’ emonm.

Hna posenawymux eapianmis 6i06a10YMEOPEHHs, BCMAHOBIEHI YUCENbHI 3HAYeHHs KoeghiyicHmis
3anacy cmitikocmi 8i08ay Nics to20 CNOPYOHCEHHS.

KawuoBi cioBa: 6ioxoou 36acauenus; kap’ep, 6i08an; nNOpoou po3Kpugy; 6i08aN0ymMEOpeHH s,
MaxkcumanvHi deghopmayii; kKoegiyicHm 3anacy cmitlkocmi.



